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In risk-based inspection planning, the conventional through-thickness failure criterion is conservative for some redundant
structures like jacket type OWTs. Thus, the use of a Failure Assessment Diagram (FAD) as a limit state function has been
receiving increasingly attention. This work explores the influence of fracture mechanics models and failure functions on
optimal inspection planning. The risk-based inspection framework is analysed with different FM models and failure
functions for the case of a tubular joint and the effect of failure criteria on the optimal inspection plan is examined.
Research Aim: To identify the optimal inspection planning strategy
Impact: O&M cost (≈ 25% LCOE), Design optimization (Reduction of safety factor)
SN-Miner’s model - Variables
1-D fracture mechanics model - Variables







2. Deterioration Modelling (Fatigue Model and Fracture Mechanics Model)
Imperfections in the welding process
can be considered as initial cracks and
they grow under cyclic loading in a
harsh environment. Paris-Erdogan’s
law is widely used in Linear Elastic





log10 𝑎1 Normal 𝜇 = 12.48 ; 𝜎 = 0.2
𝑙𝑜𝑔10 𝑎2 Normal(Fully 
correlated)
𝜇 = 16.13 ; 𝜎 = 0.2
Δ Lognormal 𝜇 = 1 ; 𝐶𝑜𝑉 = 0.3
𝑞(*) Normal 𝜇 = 6.4839 ; 𝜎 = 0.2
ℎ Deterministic 0.8
Variable Distribution Parameters
𝒂𝟎 Exponential 𝜇 = 0.1235
𝒍𝒐𝒈(𝑪𝒂) Normal 𝜇 = −27.7903 ; 𝜎 = 0.3473
𝑞 (calibrated) Normal 𝜇 = 6.4839 ; 𝜎 = 0.2
𝑛 Deterministic 3.5 ⋅ 107
Ya Lognormal 𝜇 = 1 ; 𝐶𝑜𝑉 = 0.1
𝑚 Deterministic 3
𝑎𝑐𝑟𝑖𝑡 Deterministic 16
2-D fracture mechanics model - Variables
Variable Distribution Parameters
𝒂𝟎 Exponential 𝜇 = 0.1603
𝒍𝒐𝒈(𝑪𝒂) Normal 𝜇 = −27.6302 ; 𝜎 = 0.4599
𝑎0/𝑐0 Deterministic 0.2
𝐷𝑂𝐵 Deterministic 0.81
𝐶𝑎 /𝐶𝑐 Deterministic 1
𝑚 Deterministic 3
𝑎𝑐𝑟𝑖𝑡 Deterministic 16
Since the design of offshore
substructures is based on fatigue model
and the inspection planning demands
for the crack growth, FM models are
calibrated to the SN model. Initial crack
size and crack growth parameters are
calibrated for each FM model so that
the reliability according to SN and FM
approaches are similar over the lifetime.
3. Inspection and Cost Modelling 
Uncertainties of the inspection outcomes are modelled by
Probability of Detection (PoD) curves. The figure below shows
the PoD curves for the Eddy Current (EC) inspection in different
working conditions.
Crack growth in tubular K-joint
The total expected cost is comprised of failure cost inspection  
cost and repair cost.
4. Results
1-D FM Model + Through-thickness Failure  
1. Introduction
Conventional through-thickness failure criterion Simplified FAD failure criterion
Failure assessment diagrams
Limit state and 
Assessment point
𝑔 𝑡 = 𝑅𝑓 − 𝐾𝑟





+ 𝜌 , 𝐿𝑟 =
𝜎𝑟𝑒𝑓
𝜎𝑌
2-D FM Model + Simplified FAD Failure




In 1-D FM + through thickness criterion, the optimal interval is 8 years and two inspections
have to be carried out. The total cost is 7057 money units. In 2-D FM + FAD criterion, the
optimal plan is to inspect only once at year 11, resulting the total cost of 3825 money units.
Failure cost: 106 money units
Inspection cost: 103 money units
Repair cost: 104 money units
Discount rate: 6%
The choice of failure criteria and FM models affect the optimal inspection planning
strategy. For redundant structures with high fracture toughness, using FAD failure criteria
yields less total expected cost. The decision maker(s) should keep it in mind and the
appropriate failure criterion should be wisely chosen.
SN-FM Calibration
Mean Crack Growth
